Abstract Summary. A 53-year-old Hispanic male with a history of seizure disorder was admitted for acute kidney injury (AKI) and rhabdomyolysis due to status epilepticus. He was managed with IV fluids and IV phenytoin. No breakthrough seizures occurred on admission and AKI quickly resolved. Twenty-four hours after therapeutic levels of serum phenytoin were reached, serum creatine kinase (CK) levels peaked again despite adequate IV fluid administration and in the absence of any other cause of rhabdomyolysis or CK leak. CK levels dropped acutely after phenytoin was discontinued. Discussion. The correlation between the second peak in CK and peak phenytoin levels provides significant evidence of this rare adverse effect. This is confirmed by the acute drop in serum CK levels upon discontinuation of phenytoin. Conclusion. Further cases need to be collated and compared in order to ascertain specific risk factors for this adverse reaction as well as any possible relationship to dosage.
Introduction
Phenytoin is one of the most widely used drugs for treating seizure disorders and has been a first-line medication since its introduction. It has well-known adverse and toxic effects. There are only a few reported cases of phenytoininduced rhabdomyolysis. In our case, despite the appropriate treatment, there was a second peak of creatine kinase (CK) levels suggesting ongoing muscle injury or a new cause of rhabdomyolysis.
Case presentation
A 53-year-old Hispanic male was admitted for status epilepticus. The patient has a past medical history of seizure disorder, alcohol dependence, alcoholic liver cirrhosis without decompensation or portal hypertension and nonadherence to antiseizure medication which at the time was phenytoin. On admission, the patient was alert and fully oriented. A small occipital scalp laceration obtained as a result of falling at the onset of seizures was found. There were no residual neurological deficits. The patient was not in respiratory distress and there were no tongue lacerations. Blood alcohol level was less than 3 and serum phenytoin level was 0.4 mcg/mL. Serum CK was significantly elevated at 3,504 U/L. Also of note was his albumin level which was 2.8 g/dL and AST 165 U/L, with a normal ALT and PT. Urine toxicology was positive for cocaine and methadone. Serum creatinine was 1.3 mg/dL, well above patient baseline, thus indicating acute kidney injury (AKI). Vital signs were stable. Using the hospital's standardized score for alcohol withdrawal, the patient was not in withdrawal. The patient was managed with aggressive IV hydration and loaded with IV phenytoin, which was subsequently changed to oral phenytoin. AKI quickly resolved and phenytoin levels were therapeutic by day 2 at 13.3 mcg/mL, corrected for hypoalbuminemia to 20.2 mcg/mL. Serum CK levels peaked at 5,447 U/L in 24 h. After trending down, serum CK peaked again on day 4 at 9,335 U/L. Phenytoin was discontinued while continuing IV fluids and starting levitracetam. Subsequently, serum CK trended down. Total phenytoin administered was 2,200 mg. An assessment of phenytoin-induced rhabdomyolysis was made. Total fluids administered till discharge was 20 L. The patient was discharged home two days later with serum CK continuing to trend down.
Discussion
Creatine kinase is a molecule commonly found in the skeletal muscle, myocardium, and brain. As it is found in the inner mitochondrial membrane and cytoplasm, it can be released into the blood through cell membrane disruption and cell death. Tonic-clonic seizures are a well-known cause of rhabdomyolysis leading to elevated serum CK levels [1] . The usual pattern associated with a single nonrecurring episode of musculoskeletal insult is rising serum CK which peaks and then gradually declines to normal levels with appropriate IV fluids in the setting of normal renal function [2] . In our case, appropriate hydration was provided and the AKI rapidly resolved. In spite of this, our patient had a second serum CK peak. We hypothesize this is due to a rare reaction to phenytoin [3] . Note that the second serum CK peak occurs after therapeutic levels of phenytoin are attained. When corrected for low albumin, phenytoin is Graph 1.
not supratherapeutic and therefore not at toxic levels. Also, the decline after the second peak has a high gradient after the half-life of phenytoin has been exceeded (see Graph 1). Our patient had persistent muscle soreness and this may be considered evidence of ongoing muscle breakdown [4, 5] . Therefore, an ongoing musculoskeletal insult must have caused the second peak as opposed to reduced clearance of serum CK as may occur in AKI [6] or cirrhosis which our patient had evidence of. However, our patient's renal function returned to normal by the end of day 1 and although he developed asterixis treated with lactulose, cirrhosis is not known to cause a rising CK level [7] . In addition to this, there were no further reported seizures on admission. There was no prolonged immobilization due to postictal state on admission as the patient ambulated to and from the bathroom without incident. Prolonged immobilization has been known to cause muscle breakdown [8] .
None of our patient's other medications (thiamine tablets, multivitamin tablets, folic acid tablets, subcutaneous heparin) are associated with elevated serum CK or druginduced myopathy apart from methadone. However, the dose of methadone remained constant throughout admission. Although frequent intramuscular injections are associated with a rise in serum CK levels [9] , our patient only received subcutaneous (SQ) injections throughout his admission and therefore there is no correlation with the second CK peak. Again there is no evidence that SQ injections even cause elevations in serum CK. The patient's chronic alcoholism and cocaine use could be a cause of elevated serum CK [10, 1] , however this would only explain the first peak as there was no evidence the patient had access to either alcohol or cocaine and physical findings did not correspond with their recent use. Cocaine and opioids can cause direct damage by inducing muscle breakdown [10, 11] . As a consequence of the patient's chronic alcoholism, he required frequent replacement of electrolytes including potassium. Hypokalemia is a wellknown cause of rhabdomyolysis [2] . But this usually occurs with severe hypokalemia at serum levels below 2 mEq/L.
Our patient never registered a serum potassium below 3.4 mEq/L. Our patient also had macrocytic anemia from chronic alcoholism and his hemoglobin remained stable. There was no evidence of hemolysis. Hemolysis would not usually produce the degree of CK elevations witnessed in this patient. Of note is that he developed a fever of 102 • F on day 4 after an influenza injection. Although high fever up to 104 • F with chills are known to cause rhabdomyolysis [12] , there was no correlation between the patient's fever and his second elevation in serum CK.
As phenytoin drug-induced myopathy is rare, it is uncertain whether the dose of phenytoin plays a role in myopathy. Our patient received a total of 2,200 mg IV. A prior case report demonstrated a total dose of 3,059 mg [13] . This would suggest that there is no relationship to dose but further data must be collated. There were no other similar comorbidities between our patient and the subject of the prior case report. Also of interest is the normal absolute eosinophil count in our patient. Phenytoin hypersensitivity with eosinophilia is a severe and often life threatening disorder associated with multiple organ involvement and may result in elevated CK levels. Our patient's presentation did not correlate with this picture.
Conclusion
We have presented a rare case of phenytoin-induced rhabdomyolysis. Although this is an uncommon adverse effect, knowledge of this is important in general practice to enable prompt identification and corrective measures to be taken. Further data must be collated to determine risk factors for and dose relationship to phenytoin-induced rhabdomyolysis.
